Abstract. As a new interdisciplinary, blood coagulation and thrombosis, being involved in the development and progression of many diseases, have a prominent clinical significance. Prothrombin time (PT time) is the time when calcium and tissue factor is added into the blood sample until when the blood sample completely clots. Clinically, PT time is an extremely sensitive screening index in coagulation system, it has an irreplaceable influence to patients' daily medication and related treatments as it can primarily reflect the normality of the extrinsic coagulation. Until recently, most automated coagulation analyzers used in hospitals can detect a variety of samples and projects at the same time with high accuracy. However it could only be operated by the professionals, not to mention the high production and testing costs. For these reasons, the frequency and ease-of-operation of the detection have been limited. In order to develop a real-time and household detection method, paper-chips and POCT technology are mainly utilized in this work. Paper-chips possesses their own advantages, as it can easily reflect the blood clotting process by detecting a change in the conductance of blood during the blood coagulation process. After a series of design, tests and improvements, a chip for PT time testing is fabricated. Using this chip, the PT time of several blood samples are tested, and the testing results confirmed that the further improved chip can complete the measurement and correction of blood PT time test. Compared with conventional coagulation analyzer, paper-chips have several intrinsic advantages such as reduced cost, higher accuracy, and better application in POCT use. We believe that pushing the further experimental products to market could fill the vacancy in the domestic industry.
Nowadays, the PT time tests are mainly operated in hospitals and central laboratories by automated analyzer [12] . The principles of these machines can be divided into three blocks: (1)immunity method. figure) is the substrate carrying the two L-shaped electrodes. The middle layer (the middle layer in the figure) is the double-sided adhesive tape which is patterned using a laser cutting machine. The top layer (the left layer in the figure) is a hydrophilic layer preloaded with TWEEN to facilitate the sample introduction by capillary action. (c) Schematic illustration of the PT test using a conductivity meter.
Based on the antigen-antibody specific binding, the determinand in plasma, which is considered as the antigen, can be tested quantitatively or semi-quantitatively. The analytical method is based on the transmissivity and refractive index changes after blood clotting [13, 14] . (2)optical method, which is regarded as one of the most reliable and reproducible methods. Optical method has been utilized to measure PT time in the central laboratories for years [15] . Blood clotting brings to a series of changes in physical characteristics, such as transmissivity intensity and scattering light intensity, and this method is exactly based on absorbancy increase. Optical method is widely used in modern automated analyzers, for the absorbancy test is reliable and easy to operate [16] . (3)biochemistry methods. The reagent used in blood-clotting apparatus is a chemical that can specifically react with active enzyme, which can trigger color change in the sample. As the color changes, the system can detect a change of absorbance(A), therefore the determinand corresponding to the active enzyme can be detected. To bench-top automated analyzers, those huge and sophisticated machines require trained personnel to operate and specific working environment,thus the testing time is prolonged and thereby is not beneficial for the therapeutic feedback from the patients [17] . To solve these problems, a detection device that can meet the requirements of point-of-care(POC) and self-monitoring test is urged. A large amount of researchers have worked on POC PT time test [18, 19] , some researchers designed new sensors, like piezo-electric quartz crystal sensors and acoustic sensors, to study the whole blood PT. Quartz Crystal(QC) microbalance biosensor was reported by Lothar Muller and others [20] . QCM, as an effective electromechanical transducer, has been widely explored by scientists. The 10 MHz sensors used in this work respond with a frequency shift to changes in viscosity during blood clot formation. G. Guhr and his colleagues made further tests based on surface acoustic wave sensor, like SAW and BAW device [21] . Their works had some special advantage on SAW and BAW device parameters (e. g. resonator frequency, quality factor, impedance). Surface plasmon resonance (SPR) , as a traditional analytical technique, can also be used for the analysis of PT analysis [22] . Microfluidic chip is a newly developing analytical device, drawing much attention from researchers and scientists. Several blood-related applications of microfluidics have been reported for separation and analysis of cells and plasma [23, 24, 25] . Compared to other POC methods, microfluidic chips, including silicon-, macromolecule-and paper-based chips, possess many advantages: (1)Reduced cost, including material cost and process cost. There exists several options to build 2-dimentional paper chip, e.g. ink-jet printing, drawing, photo-etching and so on. More conveniently, folding and cutting is useful for building 3-dimentional paper chip. (2)Ease of surface modification. Specifically, paper-based chip has better biocompatibility to be the reaction substrate for protein, nucleic acid and other biomolecules. (3)Lower background signal, which is necessary for colorimetry. (4)More environmental-friendly. After detection, disposal paper-based chips can be directly treated with burning, which is harmless to the environment and can kill the germs as well. On the other hand, however, conventional microfluidic devices use flow pump and associated control units to transport fluidic, which obviously increases the size of system and the cost of whole device [25] . In order to simplify the operation of microfluidic device, capillary force [26, 27] and pre-installed low pressure [28] are introduced into the micro-channels to provide the driving force of the flow.
Blood is usually liquid, and the fibrous protein solves in plasma as silky state. Once the blood accepts a stimulus, extrinsic coagulation pathway is initiated and the clotting cascade is turned on, which collapses the fibrous protein to solid phase, appearing as flocks in the plasma [29] . This kind of state change leads to nature change in blood covering resistance decreases, conductivity increases; light transmission decreases, refractive index increases; and so on. When the fibrous protein in plasma totally deposits, the change rate of conductivity decreases to zero, which can also be identified as the end of coagulation. So we designed an electrochemical device to test the PT time with only 3 μL samples in 20 seconds. Compared to other researches, our work has three main advantages:(1) Miniaturized device and reduced sample volume. A finger-stick can offer 10-20 μL blood which is enough for our test. (2)Shortened testing time. The faster patients get the results, the better for diagnosis and therapy. (3)Portability. With the help of paper's capillary driving force, fluidic pumping machine of traditional microfludic devices is discardable. (4)Ease of operation. Our device can make sure that the untrained people will be able to use it for self-monitor. . Double-faced adhesive tape was purchased from Soken Chemical & Engineering Co., Ltd (Tokyo, Japan). Laser cutting machine from Huatai Laser Engraving Co., LTD (Shenzhen, China) was used for film patterning. Rex DDS-11A conductivity meter was purchased from Shanghai Instrument Electric Ltd. Co.. 5.0% TWEEN-20 (v/v) was prepared to increase the hydrophilicity. All solutions were prepared with deionized water(18.0 MΩ cm, Milli-Q Gradient System, Millipore). All reagents were used as received without further purification.
Experiment.

Materials and reagents.
Sensing chip fabrication and test. For the fabrication of the sensing chip, the conductive carbon ink was screen-printed on an A4-size transparency film. When the ink was dried in a drying oven, two L-shaped carbon electrodes were obtained on the transparency film. After complete drying at 65℃, the bottom layer was adhered to the middle layer (A4-size) which is patterned by laser cutting. The aqueous solution containing 5.0% TWEEN was dropcast onto the top layer (A4-size), and next the top layer was adhered to the middle layer. In this way, an A4-size 3-layer complex containing 108 identical sensing chips is prepared. The sensing chips were cut off to work as electrochemical sensing units. After the fabrication of the sensing chip, 3.0 μL aliquot of thrombin was introduced into the capillary channel and completely dried in a dark 37℃ environment for 2 hours. The frozen-dried thrombin was renatured by water bath at 37℃ for 2 hours. Human plasma was offered by Jiangsu Province Hospital of Traditional Chinese Medicine, which had been measured by automated analyzer. For PT time test, the sensing chip was inserted into the chip carrier socket, and then connected to the chip carrier socket with conductivity meter. 10 μL Plasma sample was introduced into capillary channel of the sensing chip. The conductivity of the sample was recorded every 5 second, and after 30 second, the record is stopped. Because the human PT time is about 12-15 second, our testing samples are limited in the general range.
Results and Discussion.
As shown in Figure 1a , the sensing chip (6 mm × 12 mm) contains three layers (Figure 1b) . The bottom layer is a transparency film carrying a working electrode and a reference electrode. The electrodes are prepared by screen-printing of the conductive carbon ink on the transparency film. The middle layer was a comparably thicker double-sided adhesive tape which is patterned by laser cutting to form a channel between top and bottom layer. Before the sensing chip is ultimately fabricated, the aqueous solution containing 5.0% TWEEN was dropcast and dried on the top layer to increase the hydrophilicity. By assembling the three layers together, the capillary channel was formed in the sensing chip and can provide enough capillary force for the sample introduction. Thrombin from the purchased thrombin kit was introduced into the channel and dried at 37℃ for later detection. 
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Because of the hydrophilicity of the capillary channel, the plasma sample can be introduced into the channel by capillary force. This design freed the sensing chip from other liquid driving units such as syringe pump, which clearly reduced the size and cost of the sensing chip. According to the forementioned fabrication method, 108 sensing chips can be simultaneously prepared on a 4A-size film, which is a simple and efficient operation that can reach mass production.
After the fabrication, the extinct clotting factor was immobilized in the capillary channel when the thrombin from human placenta was dried in the capillary channel. When plasma sample was introduced into the sensing chip, fibrinogen in the plasma started to fold into fibrous protein upon receiving the stimulation from the extinct clotting factor. In the meantime, many detectable changes in the blood will be triggered, such as viscosity, refractive index and conductivity of the plasma. In order to accomplish the POC test, we adopted conductivity as a function of the PT time, since the conductivity of the plasma sample can be directly read by a conductivity meter in a single step. Stronger coagulation ability the sample possesses, shorter the PT time is, which leads to a higher conductivity value detected by the sensing chip. In this work, the sensing chip is connected to the conductivity meter through a chip carrier socket (Figure 2c ). The conductivity was recorded every 5 seconds in a 30-seconds test period. As shown in Figure 3a , for each individual measurement, the conductivity rose sharply at the beginning of the reaction, and shortly after the conductivity was observed to reach a relatively stable value, which is called platform value. The curve of conductivity showed high consistency among different samples, however, samples with different PT time had different platform values and platform times. For each plasma sample the platform value was recorded. A linear correlation was observed between the PT time of the plasma sample and the platform value of the conductivity. The obtained standard curve was showed in Figure 3b .
The experiment, however, still have space for improvement. The data in the standard curve needs to be enriched to improve the accuracy and reliability of the result. Owing to the limited sample source, only the samples with PT time between 12 and 15 (represents the normal range in human body) are tested in this work. To reach the realization of mobile health, an APP for cell-phone that can convey the results from testing module to user's phone and the cloud database will be helpful for the following applications in real life.
Summary
To summarize, we have reported a sensing chip based on electrochemical method to test the PT time in our work. PT time test has great significance not only for clinical diagnosis but also for the patients' self-evaluation [1] . Besides the help in the drug usage control and therapeutic condition assessment, PT time test can also reduce the death rate caused by cardiovascular disease [7] . With more and more people began to have the awareness of self health, a simple and point-of-care testing method for disease alert had become a new popularity. In our experiments, a PT time sensing chip based on electrochemical method was developed. Thrombin is immobilized in the channel, so when plasma flow into the chip, thrombin will be resolved and initiate a series of clotting reaction, finally cause the coagulation. Blood coagulation leads to the conductivity change, therefore the PT time is measured by a conductivity meter. According to the collected data, a standard curve has been established for self-monitoring. We believe that the sensing chip we report here can fill the vacancy of the PT test market, which is a promising progress for PT test.
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